We measured nitrogen components during composting process of feces in a batch test in which sawdust was used as a matrix. Further decomposition rates of fecal nitrogen and carbon were obtained in the batch tests of different feces loading. In composting material that was a mixture of sawdust and fresh feces, fecal organic matter decomposed to CO 2 and fecal nitrogen mineralized to ammonia during the composting process. The biological response of organic matter and nitrogen in the composting material was evaluated by oxygen consumption (OUR) and ammonia production that was a sum of volatilized ammonia gas and ammonia remaining in the composting material. Since composting material contains two different sources of organic matter from feces and sawdust, the OUR by using the sawdust matrix only was evaluated in preliminary tests. The fecal contribution to the OUR in the composting material was therefore calculated by subtraction of the result in the preliminary tests from the one in the composting material. The ammonia production from the fecal nitrogen was obtained by the same procedure. The decomposition rates of input organic matter in feces were approximately 83 and 70% respectively, whereas ammonia production rates were approximately 73 and 58% of input fecal nitrogen. There was an interesting time lag of the peak time between volatilisation rates of ammonia and CO 2 during the composting process while fecal carbon and nitrogen simultaneously decomposed to ammonia and CO 2 in the composting material.
Introduction
Human waste (feces and urine) is treated in a composting toilet by using sawdust as a matrix in an onsite wastewater differentiable treatment system (OWDTS) (Lopez et al., 2002) . The composting toilet is a kind of dry closet that requires no water for flushing. The toilet waste goes through a composting process and finally stabilizes in the sawdust matrix. The sawdust matrix contains useful characters, for instance, it provides a suitable balance of water and air retention for aerobic biodegradation and is tolerant to physical friction and biochemical reaction. Thus sawdust can work as the matrix in the bioreactor for more than a year in normal conditions. From a laboratory scale experiment, it had been reported that fecal organic matter and nitrogen immediately decomposes CO 2 and ammonia in the sawdust matrix (Hotta et al., 2005a) . Since sawdust matrix used for a long time should contain nutrients for plant growth, it can be used as compost or soil conditioner in farmland (Kitsui and Terazawa, 1999) . In contrast, nutrient losses, especially nitrogen loss, have been well reported in the conventional composting process of organic waste. Witter and Lopez-Real, (1987) have shown nitrogen loss of more than 50% of initial input in the composting process of sewage sludge of and manure. More than 70% of nitrogen loss was reported in the composting process of household waste without matrix (Eklind and Kirchmann, 2000) . Sanchez-Monedero et al. (2001) have provided further knowledge for nitrogen transformation and loss during the composting process of organic waste.
Compared to the conventional composting process the composting toilet is a unique system in the following aspects, (1) input of toilet waste continues for a long time, (2) input is much smaller, (3) temperature and mixing frequency of the sawdust matrix are well controlled. Therefore it might be hard to apply the previous knowledge obtained in the area of conventional composting process to the composting toilet system.
Previous researches in the composting toilet have shown that a great amount of biodegradable organic matter in feces decomposed to CO 2 and residual organic matter was stabilized in approximately 48 hours in the sawdust matrix (Lopez et al., 2004a, b) . Since most of nitrogen in the toilet waste is from urea (Fittschen and Hahn, 1998) , they are unstable in the sawdust matrix especially when feces is mixed with urine (Hotta et al., 2005b) . Hotta et al. (2005c) have showed that a large amount of the input nitrogen was lost as ammonia gas during the practical operation. Source separation of urine from feces might improve the nitrogen loss. Then CN balance in the sawdust matrix would change significantly. Since biodegradability of fecal nitrogen is also unknown in the sawdust matrix, still more knowledge for transformation of fecal nitrogen with attendance of carbonic evolution is therefore required. The aim of this study is therefore to propose a procedure to evaluate transformation of fecal nitrogen in the composting process by using sawdust as a matrix.
Materials and methods

Experimental device for batch tests
Transformation of the nitrogen components during the composting process of feces by using sawdust as a matrix was measured in a series of batch tests (RUN1 to RUN3). Figure  1 shows an experimental device in which it was possible to control several important conditions for biological activities, for instance, reaction temperature (508C), air supply (100 ml/min) and moisture content (55 to 65%). The air compressor was placed in front of the first O 2 sensor with stopcock 1 to provide air supply to the reactor. By using two O 2 sensors as shown in Figure 1 , OUR (Oxygen Utilization Rate) was obtained to evaluate aerobic biodegradation of organic matter during the composting process of feces (Lopez et al., 2004a, b) . To avoid drying of composting material in the reactor, a water bottle was placed in front of the reactor. To capture the volatilized ammonia gas, the bottle of sulfuric acid (0.6 mol l 21 ) was put just behind the reactor. To calculate ammonium nitrogen volatilization rate (ANVR), bottles of sulfuric acid were replaced at suitable intervals. Since the higher pressure was maintained in a system of the experimental device rather than outside, airflow must be suspended by turning off three stopcocks during exchanging the bottle. 
Preparation of materials
The composting material was prepared by mixing of sawdust, fresh feces and distilled water. The load of feces in the composting material was prepared to 5% (RUN1, RUN3) and 20% (RUN2) of F/S ratio, which indicated percentage of the fecal matter on the sawdust. The fresh feces had been stored a couple of days in a refrigerator (58C) until it was used. To obtain the sawdust that had never touched urine in its history, the sawdust had been prepared in the bioreactor in which only feces had been fed for approximately 6 months. Initial moisture content of the composting material was prepared to 60%, which was supposed to be suitable in the composting process (Horisawa et al., 2000) .
Analysis of nitrogen components
To observe the nitrogen transformation in the early stage of the composting process, two lines of batch tests were prepared (RUN1-1, RUN1-2). Accurate OUR and ANVR were obtained in RUN1-1. Intermittent sampling and analysis of the composting material were conducted in RUN1-2. Then total nitrogen in liquid phase (TNL) and total ammonia (TA) were measured by following the semi-Kjeldahl method and the Indophenol one (Weatherburn, 1967; Kempers and Zweers, 1986; Dora, 1975) . Total nitrogen in solid phase (TNS) was measured by NC analyser (Sumigraph NC-1000: Shimadzu Corporation). The lost components of fecal nitrogen and carbon in the composting process were calculated in two more batch tests (RUN2, RUN3). The 20% of FS ratio was prepared in RUN2 to minimize an experimental error. Since a practical bioreactor contains much more sawdust than feces, the FS ratio might be much smaller than 20% in a real situation. The RUN3 with FS ratio of 5% was therefore prepared. To complete the biological reaction in RUN2 and RUN3 batch tests continued much longer than in RUN1-1 and RUN1-2 (longer than 350 h). The net loss of fecal nitrogen and carbon was obtained by subtraction of the sawdust contribution from the data obtained in the composting material. The sawdust contribution had been obtained in the preliminary test.
Results and discussion
Composting process of feces Figure 2 shows the time course of the OUR profile in the two lines of the batch test in RUN1. As seen, the profile was stable and level at the end of the test. It was therefore assumed that most of the biodegradable organic matter aerobically decomposed and residual organic matter stabilized to the biologically inert type at the end. Since there was no significant difference between the two OUR profiles, it was assumed that almost the same biological reactions were obtained in the composting material in the two reactors of RUN1-1 and RUN1-2. Figure 3 shows the time course of the OUR and the ANVR. In this study, O 2 consumption indicates CO 2 production in the reactor because it was already confirmed that OUR profiles followed the profiles of CO 2 production rate before. As seen in Figure 3 , there was an obvious time lag between the volatilization rate of carbon and nitrogen especially in the first 70 hours while decomposition of carbon and nitrogen in feces simultaneously occurred. In first 14 hours until which the OUR begun increasing, the ANVR kept being on quite low levels. The results showed that time lag of two peak times for the OUR and the ANVR was approximately 24 hours. The profile of ANVR was also on the stable level at the end of the experiment while both profiles of the OUR and ANVR were detectable. Figure 4 shows the time course of nitrogen component in the composting material during the test. From Figure 4 , it was found that most nitrogen had been in the organic type in the composting material through the composting process. Ammonia nitrogen ranged less than 15% of the total nitrogen until 222 hours. Since the sawdust matrix used in this study had received and treated feces in preliminary preparation, stable organic nitrogen could remain in the sawdust matrix.
Calculation of nitrogen component after the composting process Table 1 shows the component data of carbon and nitrogen during the composting process in RUN2 and RUN3. To complete decomposition of biodegradable organic matter, batch tests in RUN2 and RUN3 continued for more than 350 hours until the OUR reached the undetectable stage. Decomposed carbon during the composting process was calculated by an integration of the OUR profile: they were 8536 mg and 3601 mg as listed in Table1-1. Whereas ammonified nitrogen (volatilised nitrogen þ ammonia nitrogen remaining in composting material) from the composting material were 881 mg and 205 mg. In the case Figure 4 The ratio of nitrogen component in composting process in RUN1-2 of RUN2 input fecal carbon and nitrogen were 8427 mg and 1202 mg respectively. Inputs in RUN3 were 2402 mg and 343 mg respectively. The preliminary batch test by using sawdust matrix without feces had already shown the loss from sawdust as listed in Table 1 . Simple subtraction of the preliminary results from the data in RUN2 and RUN3 finally provided loss from feces in the composting material. Sanchez-Monedero et al. (2001) have reported no nitrification in the composting process at temperatures higher than 408C; we therefore eliminated nitrification in the nitrogen transformation in this study.
As listed in Table 1 , 83% (RUN2) and 70% (RUN3) of input fecal carbon decomposed to CO 2 during the test. In the case of nitrogen, 73% (RUN2) and 58% (RUN3) of input fecal nitrogen were ammonified. The biologically inert type of fecal nitrogen could be calculated by the subtraction of ammonified nitrogen from input fecal nitrogen. Calculation results showed 27% (RUN2) and 42%(RUN3) of the input fecal nitrogen.
Conclusion
The net loss of fecal nitrogen as ammonia gas during the composting process was calculated at different feces loading in the sawdust matrix. They were approximately 73% and 58% of input fecal nitrogen. The biologically inert type of nitrogen was estimated to be 27% and 42% of input fecal nitrogen. There was an obvious lag of peak times between the volatilization rate of carbon (the OUR) and nitrogen (the ANVR) in the composting process of feces. 
